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SUMMARY

Aims: Statins have antiinflammatory effects and are known to decrease risk of cardiovascu-

lar events and to reduce serum levels of C-reactive protein (CRP), a widely studied biomar-

ker and potential mediator of inflammation and heart disease. However, it is unclear

whether statins can block pro-inflammatory effects of human CRP independent of their

ability to reduce serum levels of human CRP. Here, we investigated whether rosuvastatin

could block pro-inflammatory effects of human CRP without reducing circulating levels of

human CRP.Methods and Results:We studied the antiinflammatory effects of rosuvasta-

tin in spontaneously hypertensive rats (SHR) transgenically expressing human CRP (CRP-

transgenic SHR) and in nontransgenic SHR lacking human CRP (nontransgenic SHR). The

CRP-transgenic SHR is characterized by increased serum levels of human CRP and inflam-

mation. In the CRP-transgenic strain, we found that rosuvastatin treatment decreased circu-

lating levels of inflammatory response markers IL6 and TNFawithout decreasing circulating

levels of human CRP. In contrast, in the nontransgenic strain lacking human CRP, rosuvast-

atin treatment had little or no effect on IL6 and TNFa levels. Rosuvastatin also reduced car-

diac inflammation and oxidative tissue damage, reduced epididymal fat mass, and improved

adipose tissue lipolysis much more in the CRP-transgenic strain than in the nontransgenic

strain. Conclusion: Rosuvastatin can protect against pro-inflammatory effects of human

CRP in a manner that is not dependent on achieving a reduction in circulating levels of

human CRP.

Introduction

C-reactive protein (CRP) is a well-known marker and potential

mediator of inflammation that is associated with increased risk of

cardiovascular and metabolic disease [1,2]. However, the extent

to which CRP itself promotes inflammation and contributes to

disease pathogenesis is highly controversial [2–8]. Although

statins are known to reduce serum levels of CRP, it remains

unclear whether any of the therapeutic benefits of statins are

mediated by their ability to reduce serum concentrations of CRP.

The results of “mendelian randomization” studies have suggested

that the association between moderate increases in serum con-

centrations of CRP and increased risk of cardiovascular disease

does not represent a cause and effect relationship [9,10]. How-

ever, mendelian randomization studies cannot address the poten-

tial therapeutic benefits of drugs that block pro-inflammatory

actions of CRP in a manner that does not depend on reducing

serum levels of CRP [11].

Because statins ordinarily reduce serum concentrations of CRP

in humans, it is difficult to clinically investigate whether statins

can block pro-inflammatory actions of human CRP independent

of their effects on circulating levels of CRP. It is conceivable that

statins may help protect against pro-inflammatory effects of

human CRP in a manner that does not depend on reductions in

serum levels of human CRP. The development of novel CRP

inhibitors that can block inflammatory effects of human CRP in

the absence of reductions in serum levels of CRP are of particular

interest in this regard [12].

In the current study, in spontaneously hypertensive rats (SHR)

harboring a transgene for human CRP, we investigated whether

rosuvastatin could protect against inflammation dependent on the

human CRP. We selected rosuvastatin, because results of the
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JUPITER trial suggested that treatment with rosuvastatin could

reduce relative risk of cardiovascular disease in individuals with

higher levels of CRP [13]. Because the human CRP is constitu-

tively expressed by the transgene, statin treatment does not

decrease circulating levels of human CRP in this model. Thus, this

model can be used to test whether statins can block the ability of

human CRP to promote inflammation independent of their effects

on circulating levels of human CRP. Although mouse models are

available that transgenically express human CRP, we chose to

study the rat because of suggestions that the rat may be a more

suitable model for investigating adverse biological actions of

human CRP [14,15]. In addition to our primary goal of determin-

ing whether rosuvastatin could block pro-inflammatory actions of

human CRP, we explored some secondary endpoints by determin-

ing whether rosuvastatin could protect against oxidative tissue

damage and metabolic disturbances induced by human CRP. We

also performed exploratory studies of the effects of rosuvastatin

on gene expression levels in the liver to search for gene pathways

that might be involved in the ability of rosuvastatin to protect

against adverse effects of human CRP.

Methods

Animals

Transgenic SHR (hereafter referred to as CRP-transgenic SHR)

were derived by microinjections of SHR ova with a previously

described construct containing the cDNA for human CRP under

control of the APOE promoter with the objective of driving

expression of the CRP transgene in liver where CRP is normally

produced [16,17]. We have chosen the SHR genetic background

for expression of human CRP because the SHR is known as a

model that is genetically predisposed to developing multiple fea-

tures of the metabolic syndrome [16]. We measured circulating

levels of human CRP and of the endogenous rat CRP using ELISA

kits that distinguished between the two forms of CRP (Alpha Diag-

nostics International, San Antonio, TX, USA).

To investigate effects of rosuvastatin on inflammation caused

by human CRP, we randomized 12-month-old CRP-transgenic

SHR to groups with or without rosuvastatin treatment. We

treated 12-month-old male CRP-transgenic SHR with rosuvasta-

tin in the drinking water for 10 weeks. The concentration of

rosuvastatin in the water was adjusted to deliver a daily rosu-

vastatin dose of approximately 5 mg/kg/day. A corresponding

untreated control group of male CRP-transgenic SHR was given

drinking water without rosuvastatin. In a similar fashion, we

studied a group of nontransgenic SHR treated with rosuvastatin

and an untreated group of nontransgenic SHR controls. In each

group, we studied 5–8 animals. All rats were fed standard rat

chow for the first 12 months and then switched to a high

sucrose diet (60% sucrose) to increase risk of developing meta-

bolic disturbances during the 10-week study period. The rats

were housed in an air-conditioned animal facility and allowed

free access to their chow and water. All experiments were per-

formed in agreement with the Animal Protection Law of the

Czech Republic and were approved by the Ethics Committee of

the Institute of Physiology, Academy of Sciences of the Czech

Republic, Prague.

Primary Endpoint Methods

General Markers of Inflammation

Effects on serum levels of interleukin 6 (IL6) and tumor necrosis

factor alpha (TNFa) were used as coprimary endpoints for assess-

ing the general ability of rosuvastatin to inhibit inflammation.

Serum samples were obtained after 10 weeks of rosuvastatin ther-

apy, and IL6 and TNFa were measured by rat ELISA kits (Bio-

Source International, Inc., Camarillo, CA, USA).

Secondary Exploratory Endpoints

Cardiac Inflammation and Parameters of
Oxidative stress

To explore the ability of rosuvastatin to protect against cardiac

inflammation and oxidative tissue damage, we measured the

perivascular accumulation of monocytes and the tissue concen-

tration of lipoperoxidation products in the heart. Lipoperoxida-

tion products included conjugated dienes and thiobarbituric

acid-reactive substances (TBARS) and were measured as previ-

ously described [18]. Perivascular accumulation of monocytes in

the heart was determined by light microscopy observation. Rat

hearts were cut along the long axis and processed for paraffin

embedding. Multiple 4-lm-thick sections were cut and stained

with hematoxylin and eosin. Perivascular monocytes were

counted for each crosssectional arteriole found in the whole

section, and the ratio between monocytes and each vessel was

then derived.

Parameters of Glucose and Lipid Metabolism

To explore the ability of rosuvastatin to modulate adverse effects

of human CRP on insulin, glucose, and lipid metabolism, we

assessed glucose tolerance, insulin and lipid levels, and adipose tis-

sue lipolysis and lipogenesis using methods similar to those previ-

ously reported [16].

Gene Expression Profiling

To explore for candidate gene pathways that might be involved in

mediating the ability of rosuvastatin to protect against adverse

effects of human CRP, we performed gene expression profiles in

livers isolated from CRP-transgenic SHR and nontransgenic SHR

treated with rosuvastatin or placebo. We studied hepatic tissue

because the CRP transgene was expressed in the liver and rosu-

vastatin is most highly concentrated in liver relative to other

tissues [19]. Detailed descriptions of the gene expression profiling

methods and analysis are provided in Data S1.

Statistical Analysis

Our goal was to determine whether antiinflammatory effects of

rosuvastatin treatment would be greater in the transgenic strain

expressing human CRP than in the nontransgenic strain. Toward

this end, we used two-way ANOVA to test for treatment 9 strain

interactions, and if present, we determined whether rosuvastatin
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inhibited inflammation to a greater extent in the CRP-transgenic

strain than in the nontransgenic strain. For variables showing evi-

dence of treatment 9 strain interaction, we used Holm-Sidak test-

ing that adjusts for multiple comparisons to determine whether

the antiinflammatory effects of rosuvastatin were significant in

the nontransgenic SHR strain and in the transgenic SHR strain

expressing human CRP. For measurements of cardiac monocyte

infiltration where only three experimental groups were studied,

the results were analyzed by one-away ANOVA with adjustments

for multiple comparisons by Holm-Sidak testing. Results are

expressed as means � SEM. The analysis of gene expression levels

was performed using a two-way ANOVA approach followed by a

false discovery rate (FDR) multiple testing correction procedure

(see Data S1 for details).

Results

Effects of Rosuvastatin on Serum Levels of
Human CRP and Rat CRP

Figure 1 shows the serum levels of human CRP and endoge-

nous rat CRP in the different experimental groups. There was

no significant treatment 9 strain interaction effect and no sig-

nificant rosuvastatin treatment effect on serum levels of human

CRP. Because the human CRP transgene was under control of

an APOE promoter, rosuvastatin treatment was not expected to

have much, if any, effect on serum levels of human CRP. In

contrast, a significant effect of rosuvastatin treatment was

observed (P = 0.013) on serum levels of endogenous rat CRP in

both strains.

Effects of rosuvastatin on inflammation induced
by human CRP

Figure 2 (top panel) shows the effects of rosuvastatin treatment

on serum levels of IL6 and TNFa. Two-way ANOVA showed signif-

icant treatment 9 strain interaction effects on serum levels of

both IL6 (P = 0.0015) and TNFa (P = 0.048). In the transgenic

SHR strain expressing human CRP, rosuvastatin induced signifi-

cant decreases in serum levels of IL6 and TNFa whereas in the

nontransgenic SHR strain, rosuvastatin treatment had little or no

effect on IL6 and TNFa.

Effects of Rousvastatin on CRP-Induced
Inflammation and Oxidative Tissue Damage in
the Heart

Cardiac inflammation was assessed by measuring perivascular

monocyte infiltration in the heart (mean number of monocytes

per cardiac arteriole). Figure 2 (bottom left panel) shows that

transgenic expression of human CRP induced an increase in peri-

vascular accumulation of monocytes in the cardiac tissue of

untreated rats. In the untreated human CRP-transgenic strain, the

number of perivascular monocytes in cardiac tissue was signifi-

cantly greater than in the untreated nontransgenic strain

(P < 0.05). In the CRP-transgenic rats treated with rosuvastatin,

the number of perivascular monocytes in cardiac tissue was signif-

icantly lower than in untreated CRP-transgenic rats (P < 0.05)

and was not different from that in untreated nontransgenic

controls.

We also assessed the effects of rosuvastatin on human CRP-

induced oxidative tissue damage in cardiac tissue by measuring

lipoperoxidation products in the heart (Figure 2, bottom right

panel). Two-way ANOVA showed a significant treatment 9 strain

interaction effect on oxidative tissue damage in the heart as

judged by rosuvastatin-induced changes in conjugated dienes

(P = 0.0068). In the transgenic SHR strain expressing human

CRP, rosuvastatin induced a significant decrease in conjugated

dienes in the heart whereas in the nontransgenic SHR strain,

rosuvastatin treatment did not have an effect on conjugate dienes

(Figure 2, bottom right panel). There was no significant effect of

rosuvastatin on TBARS in the heart (data not shown).

Metabolic Effects of Rosuvastatin in CRP-
Transgenic SHR

There was a significant treatment 9 strain interaction effect on

body weight as rosuvastatin treatment tended to promote greater

weight gain in the nontransgenic strain while it tended to attenu-

ate weight gain in the CRP-transgenic strain (Table 1). However,

the absolute effects of rosuvastatin on body weight within

each strain were small and did not achieve statistical significance

after adjustment for multiple comparisons. Significant treat-

ment 9 strain interaction effects were observed on insulin levels

(P = 0.021) and on the insulin levels measured during the glucose

tolerance test (P = 0.007). Rosuvastatin treatment decreased insu-

lin levels in the CRP-transgenic strain but had little or no effect on

insulin levels in the nontransgenic strain. No significant treat-

ment 9 strain interaction effects were observed on either glucose,

Figure 1 Serum levels of endogenous rat CRP (open bars) and human

CRP (solid bars). As expected, human CRP was clearly detectable only in

the CRP-transgenic strain. #Significant effect of strain on human CRP

levels in the two-way ANOVA (P < 0.0001). There was no significant strain

effect on serum levels of rat CRP. *Significant rosuvastatin treatment

effect on serum levels of rat CRP (P = 0.013). The rosuvastatin induced

decreases in rat CRP were similar between the nontransgenic SHR strain

and the CRP-transgenic rat strain. There was no significant

treatment 9 strain interaction effect on serum levels of either rat CRP or

human CRP. CRP, C-reactive protein; SHR, spontaneously hypertensive

rat; and Rosuv, rosuvastatin.
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Figure 2 Top panel: serum levels of IL6 and TNFa. Two-way ANOVA showed a significant treatment 9 strain interaction effect on IL6 levels

(P = 0.0015) and on TNFa levels (P = 0.048). *Rosuvastatin treatment induced a significant reduction in IL6 and TNFa levels in the CRP-transgenic SHR

strain. Rosuvastatin did not affect IL6 and TNFa levels in the nontransgenic SHR strain. Bottom panel: Cardiac inflammation and oxidative tissue

damage. Cardiac inflammation was assessed by measuring perivascular monocyte infiltration (mean number of monocytes per vessel). One-way ANOVA

showed significant group differences in the number of perivascular monocytes per heart vessel (P < 0.0001). Due to technical difficulties during sample

preparation, measurements of monocyte infiltration could not be obtained in the nontransgenic strain treated with rosuvastatin. Rosuvastatin

treatment significantly decreased the mean number of perivascular monocytes in transgenic SHR expressing human CRP. #Significant difference

compared to the other two groups (P < 0.05 after adjustment for multiple comparisons). Oxidative tissue damage was assessed by measuring

conjugated dienes in heart. Two-way ANOVA showed a significant treatment 9 strain interaction effect on conjugated dienes (P = 0.0068). *Denotes

that rosuvastatin treatment induced a significant reduction in conjugated diene levels in the CRP-transgenic SHR strain. Rosuvastatin did not affect

conjugated diene levels in the nontransgenic SHR strain. CRP, C-reactive protein; SHR, spontaneously hypertensive rat; Rosuv, rosuvastatin; IL6,

interleukin 6; and TNFa, tumor necrosis factor alpha.

Table 1 Effects of rosuvastatin treatment on metabolic parameters in CRP-transgenic SHR strain and in nontransgenic SHR rat

CRP-Transgenic SHR Nontransgenic SHR

No treatment Rosuvastatin No treatment Rosuvastatin

Body weight (g)§ 434 � 9 421 � 7 469 � 5 488 � 6

Fasting serum glucose (mmol/L) 4.1 � 0.2 4.1 � 0.2 4.6 � 0.3 4.0 � 0.1

Nonfasting serum glucose (mmol/L) 8.6 � 0.3 8.3 � 0.6 7.4 � 0.6 9.0 � 0.4

AUC for glucose in OGTT

(mmol/L/2 h)

795 � 56 811 � 10 782 � 19 790 � 20

Fasting serum insulin (nmol/L)# 0.08 � 0.02 0.04 � 0.01 0.05 � 0.01 0.03 � 0.01

Nonfasting serum insulin (nmol/L)§ 0.57 � 0.06 0.34 � 0.05* 0.44 � 0.06 0.50 � 0.05

Serum insulin during OGTT (nmol/L)§ 0.20 � 0.03 0.07 � 0.01* 0.08 � 0.01 0.06 � 0.01

Serum triglycerides (mmol/L) 1.45 � 0.07 1.12 � 0.12 1.35 � 0.15 1.47 � 0.11

Serum cholesterol (mmol/L)# 2.29 � 0.10 2.67 � 0.16 2.19 � 0.08 2.40 � 0.06

Liver triglycerides (lmol/g)§ 9.80 � 0.29 6.48 � 0.34* 10.95 � 0.78 11.54 � 1.19

Liver TBARs (nmol/mg)§ 1.29 � 0.07 0.74 � 0.06* 0.86 � 0.06 0.57 � 0.04*

Two-way ANOVA results: §significant P < 0.05 treatment 9 strain interaction—the effects of treatment with rosuvastatin are influenced by the type of

strain tested (CRP-transgenic SHR or Nontransgenic SHR). *P < 0.05 significance for comparisons between treated and untreated animals within a

strain by Holm-Sidak testing (i.e., comparisons between a rosuvastatin treated strain and the same strain without treatment). Significant overall strain

effects or treatment effects in the two-way ANOVA are flagged only for those measurements where no treatment 9 strain interaction was detected.
#P < 0.05 significance for overall treatment effect in the absence of a treatment 9 strain interaction effect. No overall strain effects were detected in

the absence of a treatment 9 strain interaction effect.
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serum triglyceride levels or cholesterol levels (Table 1). Rosuvast-

atin treatment actually tended to cause a mild increase in choles-

terol levels in both strains. However, significant treatment 9

strain interactions were observed on liver triglyceride levels,

P = 0.03 (Table 1). Rosuvastatin decreased hepatic triglycerides in

the CRP-transgenic strain but not in the nontransgenic strain

(Table 1). In addition, rosuvastatin appeared to decrease liver lipid

peroxidation products (TBARS) more in the CRP-transgenic strain

than in the nontransgenic strain (Table 1).

There was a significant treatment 9 strain interaction effect on

epididymal fat pad weight (P = 0.039) as rosuvastatin treatment

was associated with a reduction in epididymal fat in the CRP-

transgenic strain but had little or no effect on epididymal fat in the

nontransgenic strain (Figure 3). We also observed significant

treatment 9 strain interaction effects of rosuvastatin on insulin-

stimulated incorporation of glucose into adipose tissue lipids

(P = 0.004) and on adrenaline-stimulated lipolysis (P = 0.008).

Specifically, in the CRP-transgenic strain, but not in the nontrans-

genic strain, rosuvastatin treatment increased insulin-stimulated

incorporation of glucose into adipose tissue lipids and increased

adrenaline-stimulated lipolysis (Figure 3).

Effects on Hepatic Gene Expression Profiles

The overall effects of rosuvastatin on hepatic gene expression lev-

els in the CRP-transgenic strain were similar to those in the non-

transgenic strain, and we did not observe any significant

treatment 9 strain interactions (Table S1 and S2; Data S1).

Although we did not detect any significant treatment 9 strain

interactions, we observed significant rosuvastatin treatment

effects on expression levels of 729 transcript clusters and signifi-

cant strain effects on expression of 46 transcript clusters

(Table S1). Table 2 displays genes from the KEGG pathways with

the most significant results in the g:Profiler enrichment analysis of

the rosuvastatin treatment effects. These pathways included genes

related to toll-like receptor signaling (Irak3, Irak4, Myd88, Tlr4),

c-Jun N-terminal MAPK signaling (Mapk2k7,Mapk9), extracellular

signal-regulated Raf/Mek/Erk signaling (Kras, Map3k1, Mapk2k1),

nuclear factor kappa B signaling (Nfkbia), and genes involved in

innate immune and antiviral defensive mechanisms (Stat2,

Trim25).

Discussion

The primary finding in the current studies is that rosuvastatin can

attenuate inflammation that is dependent on human CRP and can

do so, without reducing circulating levels of human CRP. Rosu-

vastatin also protected against myocardial inflammation and

oxidative damage in human CRP-transgenic rats. These observa-

tions indicate that rosuvastatin may inhibit inflammation by

interfering with the ability of human CRP to activate inflamma-

tory pathways, not just by reducing circulating concentrations of

human CRP, or by inhibiting other causes of inflammation.

In previous studies, rosuvastatin was found to protect Sprague-

Dawley rats against increases in blood pressure, aortic vessel

oxidative stress, and impaired aortic vascular relaxation induced

by postnatal administration of an adeno-associated viral vector

containing the cDNA for human CRP [20]. To our knowledge, the

Figure 3 Rosuvastatin-induced changes in adipose tissue mass and

function dependent on presence of human CRP. Top panel: changes in

epididymal fat pad weight induced by rosuvastatin in the CRP-transgenic

strain and the nontransgenic strain. Results are adjusted for changes in

fat pad weight in untreated animals. Rosuvastatin treatment was

associated with a reduction in epididymal fat mass in the CRP-transgenic

strain but had little or no effect on epididymal fat mass in the

nontransgenic strain. Middle panel: changes in insulin-stimulated

incorporation of glucose into adipose tissue lipids induced by

rosuvastatin. In the CRP-transgenic strain, but not in the nontransgenic

strain, rosuvastatin treatment increased insulin-stimulated incorporation

of glucose into adipose tissue lipids. Bottom panel: changes in adrenaline-

stimulated lipolysis induced by rosuvastatin. In the CRP-transgenic strain,

but not in the nontransgenic strain, rosuvastatin treatment increases

adrenaline-stimulated lipolysis. *P < 0.05 for strain x treatment

interaction effect in the two-way ANOVA and a significant within strain

treatment effect by Holm-Sidak testing. **P < 0.01 for strain x treatment

interaction effect in the two-way ANOVA and a significant within strain

treatment effect by Holm-Sidak testing.
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current studies are the first to show that a statin can protect

against systemic and myocardial inflammation induced by endo-

genously generated human CRP and can do so in the absence of

reductions in serum levels of human CRP. In addition, we report

novel findings that in the presence of increased levels of human

CRP, rosuvastatin can enhance adrenaline-stimulated lipolysis

and protect against accumulation of visceral fat. These findings

should motivate further studies examining the extent to which

the effects of rosuvastatin on adipose tissue mass and function are

related to an ability to block pro-inflammatory effects of human

CRP in fat. In the current studies, we did not measure the effects

of rosuvastatin on blood pressure. Because increased blood pres-

sure can promote oxidative stress and inflammation, it should be

recognized that the antioxidant and antiinflammatory effects of

rosuvastatin in vivo may also be secondary to the ability of rosu-

vastatin to limit increases in blood pressure otherwise induced by

human CRP.

In the CRP-transgenic rat, serum concentrations of human

CRP are about 2–4-fold greater than serum levels of endogenous

rat CRP. Thus, relative to the usual serum concentrations of CRP

in the rat [21], this transgenic model has only moderately

increased serum levels of CRP. While the CRP levels in this

transgenic model are not grossly increased for the rat, the con-

centrations of human CRP achieved are 200–600-fold greater

than the median serum level of CRP (0.8 mg/L) observed in

healthy young blood donors [22]. However, in the presence of

an acute inflammatory stimulus in humans, serum concentra-

tions of CRP can achieve levels more than 600 times the median

normal level of CRP [23]. Moreover, in some patient popula-

tions, approximately 25% of subjects exhibit CRP levels 10-fold

greater than the median level of CRP of healthy blood donors,

and many show levels that are 100–500-fold greater [24]. Thus,

at least periodically, many people are being exposed to high lev-

els of CRP similar to those attained in the current model. It has

been proposed that such increases in CRP could become injuri-

ous in the presence of other risk factors for or sources of inflam-

mation and tissue damage [25].

Because rosuvastatin is known to be highly concentrated in

liver [19], we also performed some exploratory studies on its

ability to affect hepatic levels of triglycerides, lipid peroxidation

products, and gene expression. Rosuvastatin reduced hepatic

levels of triglycerides and lipoperoxidation products in the CRP-

transgenic rats but had comparatively little or no effect on

these parameters in the nontransgenic rats. Previous studies

have shown that rosuvastatin or pravastatin can also protect

against hepatic steatosis in mice fed a high-fat diet, partly

through the antiinflammatory effects of these drugs and their

ability to prevent mitochondrial damage and preserve efficiency

of beta oxidation [26,27]. This raises the possibility that in the

CRP-transgenic rats, rosuvastatin might also be protecting

against hepatic steatosis in part through its ability to prevent

human CRP from causing inflammation and mitochondrial dys-

function.

Genome-wide expression analysis revealed significant effects of

rosuvastatin treatment on hepatic gene expression levels in both

the CRP-transgenic strain and the nontransgenic strain. However,

we did not observe any significant treatment 9 strain interaction

effects on hepatic gene expression levels. Nevertheless, it is possi-

ble that gene pathways generally affected by rosuvastatin treat-

ment might still be contributing to some of the protective

antiinflammatory effects of rosuvastatin observed in transgenic

SHR expressing human CRP. For example, rosuvastatin treatment

was observed to affect expression of genes related to toll-like

receptor and NF-jB signaling pathways, both of which are rele-

vant to the pathogenesis of inflammation.

In summary, we have found that rosuvastatin can protect

against pro-inflammatory effects of human CRP and can do so in a

manner that is not strictly dependent on achieving a reduction in

circulating levels of human CRP. These findings raise the possibil-

ity that treatments that both reduce CRP levels and interfere with

pro-inflammatory properties of CRP may be more effective in

reducing inflammation and cardiovascular risk than those that

reduce CRP levels alone.
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Influenza A 2.97e-02 ↓Hspa1b, ↑Irak4, ↓Jun, ↓Map2k1, ↑Map2k7, ↓Mapk9, ↑Myd88, ↓Nfkbia, ↑Pde11a, ↓Pik3cb, ↓Prss2, ↑Stat2, ↑Tlr4,

↑Trim25

↑ and ↓ denote up- and downregulated, respectively, in rosuvastatin treated versus placebo rats; enrichment analysis was performed by g:Profiler
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